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(57) ABSTRACT 

A radio frequency amplifier uses an onset phase locked loop 
to produce a radio frequency signal from a baseband signal. 
In order to allow the phase locked loop to process the signal 
as one of constant amplitude, the signal is amplitude limited 
prior to application to the phase comparator, and envelope 
restoration is achieved by envelope-modulating the output in 
the RF power amplifier stage. 

8 Claims, 3 Drawing Sheets 
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APPARATUS FOR PRODUCING A RADIO- (OPLL) modulator. Ordinarily, OPLL modulators can not be 

TOFAllFNrvsrCNAI used with non-constant-envelope modulation scheme 

tKLUUfclNCY M UW, becau&e p ^ vide nQ means iQ comrol lhe ampUmde of 

The present invention relates to apparatus for producing %^*JJSf ?f explanation, prior to application to the 

a radio frequency signal with non-constant envelope modu- 5 cifcuit [n mQ x lhe basc band digitaUy encoded 

lation. , s j gQa l ^ assumed to have been resolved into I and Q 

So-called "Cartesian" amplifiers have been used in radio * draIure components by a resolver (not shown). However 

equipment for use, for example, in mobile radio systems. In ^ invenlion ^ not rest ricted to that arrangement: firstly, the 

a Cartesian amplifier, a base band signal resolved into I and baseband signal can be generated ab initio in quadrature 
Q quadrature components which are processed separately 1Q form ^ and hence not requ i re resolving into it); and, secondly, 

for modulation purposes and recombined just prior to appli- the baseband signal need not be in quadrature form at all 

cation to the radio frequency amplifier. These amplifiers are (though this could require other, additional, processing of 

subject to two limitations, namely they are capable of the ^gu^ m or d er to meet regulatory and/or other require- 

handling only a relatively narrow bandwidth at baseband merj t s with regard to bandwidth, out-of-band noise and so 

(e.g. up to 25 KHz), and there is a noise floor which it is not f 0T{ h). It should be noted that the invention is not restricted 

possible to remove due to the action of the feedback loop tQ using baseband signal in I/Q format; FIGS. 2a and 2b 

and the use of a vector modulator. illustrates a variant where the I/Q format is not used. 

The present invention seeks to provide an apparatus Given a nominal transmission frequency FT of, 

which can produce a non-constant-envelope radio frequency say 4 qq MHz, the apparatus requires a local oscillator to 

output signal with a transmission bandwidth greater than a prov ide two related frequencies Fl and F2. By way of 
Cartesian amplifier, e.g. of the order of a few hundred 20 examp i e) pi is conveniently 90 MHz, which requires F2 to 

kiloherz, and which is capable of low noise performance. be ejther 410 MHz or 31 q MHz depending on the imple- 

According to the present invention there is provided an mentation of the feedback loop of the OPLL. 

apparatus for producing a non-constant-envelope radio fre- ^ j and q quadrature components of the baseband 

quency signal comprising: signal are applied to respective inputs la and 16 where they 

a) an input for a baseband signal; 25 passed to mixers 2a and 2b which mix them with +45° and 

b) means for generating from the baseband signal a -45° phase-shifted components of the reference signal of 
modulated radio frequency signal of substantially con- frequency Fl, which are provided by the pair of outputs of 
slant envelope amplitude and suitable for radio- a phase splitter 3 to which this reference signal is applied 0 
frequency amplification to a level for broadcasting; and -90° could be used as an alternative to +45 and -45 

c) means for envelope-modulating and outputting the 30 - couW any other combination with the appropriate 90 
amplified radio- frequency modulated signal so as to P^^f^ the mixefS 2a and 2/> , which contam 
have a required non-constant envelope; components at the sums and differences of the baseband 

wherein signal and Fl are summed by an adder 4 and applied to the 

the generating means b) comprises i) a frequency-offset - nput of a mu j U _ sla g e limiter 5. This limiter produces an 

phase locked loop including a frequency- 35 output s j gna j 0 f substantially constant envelope amplitude 

controllable oscillator which produces as its output wn ich is applied to one input of a phase comparator 6 which 

said modulated radio frequency signal of substan- constitutes part of the OPLL. Additionally, the limiter 5 

tially constant envelope amplitude and ii) a phase produces, at output 5A a signal which represents the enve- 

comparator, the output of the phase comparator i ope 0 f the signal applied to the input of the limiter. 

being a signal representing the phase difference 40 The phase comparator 6 produces an output signal whose 

between a constant-envelope-amplitude signal amplitude is proportional to the difference between the 

derived from the output of means c) and a constant- signals applied to its two inputs, one of these being the 

envelope signal derived from the baseband signal. output of the limiter 5 as just described The other input of 

The invention will be further described by way of non- phase comparator 6 receives a signal fed back through a 

Umitative example with reference to the accompanying 45 feedback path generally designated 10 around the output 

drawines in which: sla S e of the apparatus. 

FIG 1 is a block circuit diagram of one embodiment of The output of phase comparator 6 is applied to the input 

the present invention" of 3 low pass filter 7 whose frequency characteristics are 

FIG 2a is a block circuit diagram of a first variant of the chosen such that its output is restricted to baseband frequen- 

embodiment of FIG. 1; and FIG. 2b is a block circuit so cies. This output is applied to the frequency-control input of 

diagram of a second variant of the embodiment of FIG. 1. a controlled oscillator 8, preferably a voltage controlled 

The apparatus shown in the FIG. 1 is for modulating an oscillator which is configured for operation at a frequency 

RF sienal for broadcast with a baseband signal in which is centred on the nominal transmission frequency (e.g. 400 

encoded digital data which it is desired to transmit, and for MHz) and thus produces an output, of constant envelope 

amplifying the RF signal to a level suitable for broadcast. 55 amplitude, of a frequency whose value depends on the OPLL 

However, it should be emphasised that the invention is not phase error as represented by the output of low pass filter 7. 

restricted to use with digital data signals, but can be used The RF frequency-modulated signal of oscdlator 8 is 

with voice and other audio signals as well as other types of passed via a driver pre-amphfier 9 to an RF power amplifier 

signal entirely. The illustrated apparatus is intended for use 11 which amplifies the signal to a level suitable for feeding 

with a baseband signal with any bandwidth up to the order to an aerial for broadcasting. 

of a few hundred fcloherz andlto produce a modulated RF 60 A directional coupler 131oadedby a50K>hmload 14p.cks 

signal at a frequency, say, of 400 MHz with a non-constant off part of the output of the RF power amplifier tl. In order 

envelope. The frequency of use of this invention is not to complete the "loop" of the OPLL, this signal, which is 

restricted and could be almost any RF frequency e.g. simply the broadcast RF signal scaled down in amplitude is 
108-138 MHz, 390-420 MHz, 1.8 GHz, 3.5 GHz, 5 GHz, fed to one input of a mixer 18. The other input of mixer 18 

etc 65 receives a local reference signal from the aforementioned 
6 As will become apparent from the following, the circuit local reference oscillator at a frequency (F2) of Fl+FT or 
operates in the manner of an Offset Phase Locked Loop FT Fl-Fl, but in either event such that the output of the 
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mixer 18 is at the frequency Fl, the purpose being to derive 
a signal which can be applied to the second input of phase 
comparator 6, so completing the phase-control loop- 11ns 
output from mixer 18 is applied to a multi-stage limiter 19 
whose characteristics are matched (in terms of amplitude- 
limiting effect and frequency response) to the limiter 5, 
subject of course to any amplitude scaling required to make 
the signals at the two inputs of phase comparator correctly 

^^e'signal picked-off from the directional coupler 13 is 
also rectified bv a diode 15 and applied to one input of a 
differential amplifier 16 which operates as an integrator and 
controls the gain (and hence the output envelope) of the KF 
power amplifier U. The other input of differential amplifier 
16 receives the envelope-representing signal described ^ 
above from the output 5A of the limiter 5. 

Thus the effect of the differential amplifier 16 is to 
reinstate or "restore" the non-constant envelope modulation 
which is present in the signal at the input of limiter and 
which is removed from the signal as it is passed to the OPLL 
portion of the circuit 

The key advantage of the use of the OPLL arrangement is 
that it allows the transmission of complex constant envelope 
schemes, such as GMSK, with very low noise compared to 
the use of a simple vector modulator, because OPLL applies 
modulation to a VCO as part of a control loop so the only 25 
noise generated by the modulator is the phase noise of the 
VCO Modulators that do not use a OPLL typically use an 
I/O vector modulator. In such a transmitter a VCO, as part 
of a Phase Locked Loop will contribute only part of the 
transmitter's noise, other components coming from the 
mixers in the vector modulator, thermal noise amplified 
from baseband if the signal to noise ratio of the input signal 
is insufficient and noise from a frequency up-converter that 
may be used after the vector modulator. TypicaUy these 
contributions are significantly larger than that of the VCO 
It will be appreciated that the above illustrated embodiment 
shares the low noise characteristics of prior OPLU, while 
the envelope restoration enables this to be achieved in the 
context of a non-constanl-cnvelopc modulation scheme 



phase information signal 6, rather than as 1 & Q quadrature 
signals Items la to 5 of FIG. 1 are thus omitted and instead 
the amplitude information signal R is applied to one input of 
integrator 16, while the phase information signal 6 is applied 
5 via a phase modulator 21 to the phase detector 6. The vanant 
shown in FIG. 2b is similar to that of FIG. 2a t but uses 
open-loop, instead of closed-loop, envelope modulation. 
Thus items 16-18 of FIG. 1 are also omitted and instead the 
amplitude information signal r is applied to an S-class 
10 modulator to control the envelope of the output of the power 
amplifier U. S-class modulation can be achieved by varia- 
tion of the power amplifier power supply voltage, e.g. by 
variable duty-cycle switching. 
What is claimed is: 
15 1. Apparatus for producing a non-constant-envelope radio 
frequency signal comprising: 

a) an input for a baseband signal; 

b) means for generating from the baseband signal a 
20 modulated radio frequency signal of substantially con- 
stant envelope amplitude and suitable for radio- 
frequency amplification to a level for broadcasting; 

c) means for envelope-modulating and outputting the 
amplified radio-frequency modulated signal so as to 
have a required non-constant envelope; 

wherein „ 
the generating means b) comprises i) a frequency-ofiset 
phase locked loop including a frequency- 
controllable oscillator which produces as us output 
said modulated radio frequency signal of substan- 
tially constant envelope amplitude and u) a phase 
comparator, the output of the phase comparator 
being a signal representing the phase difference 
between a constant-envelope-amplitude signal 
derived from the output of means c) and a constant- 
envelope signal derived from the baseband signal. 
2 Apparatus according to claim 1, and including means 
for feeding back the amplified radio-frequency modulated 
signal (FT) to a first mixer where it is mixed with a signal 



30 



Advantages of the illustrated embodiment include. signal {tl) l0 a nrsi mixd wuw<j»«u,^ --^ 

tion envelope mixer f or mixing the baseband signal with a signal of a 

it provides an easily integrated circuit implementation 45 second reference frequency lower than the first frequency, 
it avoids external filters to reduce wideband noise 



it avoids the linearity vs noise compromises of a Cartesian 
Numerous variations of the illustrated embodiment 



cona rererence ucqucu^jr - ----- , , 

4. Apparatus according to claim 1, wherein the input is tor 
a baseband signal in I and Q quadrature format. 

5 Apparatus according to claim 4, wherein the second 
mixer is operative to mix the I and Q quadrature components 

r . . . i . ♦ <-tf turn «ionals 



Numerous variations of the Ulus.ra.cd I embodiment, °™»^S«nd sta3 with respective ones of .wo signals 
within the scope of the appended claims, wrtl be appeal so of the bwtand apu^ ^ ^ phase 



wiinin me &uu^j& uj. "pp-" . ' * * . 

those skilled in the art. In particular, it is not necessary to use 
a closed loop arrangement for achieving the restoration i oi 
the signal envelope at the power amplification stage: rather, 
it could be achieve by open loop control, either on the basis 
of an envelope-representing control signal derived from the 55 
input signal, as in the embodiment illustrated above (FIG. 1) 
or a signal inputted to the apparatus and representing the 
required envelope modulation of the RF output (see FIGS. 
2a and 2b). In addition the amplitude of control of the PAcan 
be achieved using gain control (via bias circuitry or other 
method) or amplitude control of supply voltages (as in 
conventional AM transmitters) or any other appropriate 

method. , , 

In the variant shown in FIG. 2a, the inputs are presented 
to the circuit as an amplitude information signal r and a 



which are at the second reference frequency and are phase 
shifted 90 degrees relative to one another. 

6 Apparatus according to claim 5, wherein a pair or. 
amplitude limiters are provided to render the two mixed 
signals of substantially constant amplitude. 

7 Apparatus according to claim 1, wherein the envelope 
modulating means is operative to derive a contro signal to 
control the envelope of the radio- frequency signal m accor- 
dance between the difference between that envelope and the 
envelope of a signal derived from the baseband signal. 

8 Apparatus according to claims 2 and 7, wherein said 
derived signal is the signal resulting from mixing the base- 
band signal with the second reference signal. 
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